We have searched for antihelium nuclei in cosmic rays using the data obtained from balloon flights of the BESS magnetic spectrometer.
We have searched for antihelium nuclei in cosmic rays using the data obtained from balloon flights of the BESS magnetic spectrometer.
The search was mainly based on track-quality selection, followed by rigidity analysis, and on the time-of-flight and dE/dx measurements by the scintillation counter hodoscope. We analysed all the data collected during 1993-2000 with a common analysis procedure.
No antihelium nuclei events were found in the energy range from 1 to 14 GV. In order to determine a new upper limit, we have simulated the loss in the air and in the instrument of He (He) using the GEANT/GHEISHA code. Combined with the data collected in 1993 through 2000, a new 95 % confidence upper limit for the ratio of He/He at the top of the atmosphere of 6.8 x 10T7 has been obtained to be after correcting for the interactions in the air and in the instruments. [l-3].
As the origin of cosmicray antiprotons is generally thought to be production in energetic collisions of Galactic cosmic rays with the interstellar medium, this result shows that our galaxy is made of matter and the local baryon asymmetry is maximal. The question is whether this asymmetry is also global in the universe. The absence of annihilation -y-ray peaks shows that little antimatter is to be found within N 20 Mpc. However, the possibility of existence of antimatter clusters in the universe is not completely precluded.
If one antihelium was observed in cosmic rays, it would be a strong indication of the existence of antimatter clusters because the M. Sasaki et al. /Nuclear Physics B (Proc. Suppl.) 113 (2002) 202-207 203 probability of producing antihelium in collisions of cosmic rays with the interstellar medium is vanishingly small. The search for antihelium in the cosmic rays using the BESS detector was carried out, and a model-independent upper limit on the -flux ratio He/He < 3.1 x 10m6 was achieved in previous analysis [2] .
From 1993 to 2000, we have had seven successful flights with improvements in the detector performance year by year. In order to deal with the data for every year in a similar way, we re-analysed all the data collected during the period of 1993-2000 with a common analysis procedure.
We have also simulated the loss of He@)
in the air and in the instrument using the GEANT/GHEISHA code. Using these advances, we report here updated results.
Instrument
The BESS detector has a wide-open geometry with a large acceptance of 0.3 m'sr. Details of the detector have been reported elsewhere [lo-131. All the detector components are arranged in a cylindrical configuration, as shown in Fig.1 , and are assembled in a pressure vessel maintained at one atmosphere. A particle traversing the apparatus passes through a uniform field of one Tesla produced by a thin (4 g/cm2) superconducting coil and its trajectory is detected by a jet-type drift chamber (JET) and two inner drift chambers (IDC). The rigidity of the particle is determined by fitting these tracks using up to 28 hit points on each track. The maximum detectable rigidity (MDR) of this system is 200 GV. The time-of-flight (TOF) information is measured using scintillator hodoscopes located at the top and the bottom of the detector.
The time resolution of the TOF system was 270 ps in the 1993 and 1994 flights, and improved to 110~s in the 1995 flight, and 70 ps since 1997. The dE/dx information is measured by using the TOF counters and by the JET chamber.
Since BESS was intended to search for antiparticles, the trigger system was designed to detect negatively charged particles with higher than efficiency than for positively charged particles while sampling a fraction of unbiased charged particles. The trigger consists of two levels, the TO trigger and the Tl trigger. The TO trigger, a basic instrument trigger, is provided by a simple coincidence between the top and the bottom TOF counters. It initiated digitization of various electronic modules and event building processes. As the TO trigger rate of a few kilohertz is too high to record, the Tl trigger is adopted after the TO trigger to discard the majority of positive low-energy particles. The Tl trigger was a hard-wired logic which determined the coarse track rigidity based on the IDC/TOF hit cell information. In order to determine the Tl trigger efficiency and measure the flux of positively charged particles, sampled TO triggers with known sampling frequency or countdown (CD) were recorded irrespective of the Tl trigger. The final recording rate was a few hundred hertz. We recorded all the triggered events on magnetic tapes.
Analysis
We have searched for antihelium in all recorded data. First, we applied the following criteria to select single track events:
1. There was only one hit in each layer of the 2.
3.
TOF, allowing for one additional hit in the bottom layer.
One and only one of track with 10 or more hits should be found in the JET chamber.
The number of hits in the central region of the JET chamber expected from the trajectory was 16 or more.
Second, we required the following conditions to assure track-fitting quality and to remove possible scattering in the detector:
1.
2.
3.
4.

5.
The number of hits used in the trajectory fitting N,+st 2 16, and the reduced chisquare had to be less than 5.
The number of hits used in the z-trajectory fitting Nz_st 2 6, and the reduced chisquare had to be less than 5.
The track should be extrapolated in the r-4 plane to the TOF hit counter.
The extrapolation of the track should match the good IDC hit.
The number of "missing" hits which were expected from the trajectory but did not actually exist close to the expected position in JET chamber should be less than 4. 2. The dE/dx in the TOF and JET chamber should be consistent with \2/=2 particles. Events in dE/dx bands were selected as shown in Fig. 3. All the above off-line selections were applied irrespective of the charge sign. Fig. 4 shows the l/rigidity distribution after above selections. No antihelium candidates were found in a rigidity region of 1-14 GV. The resultant upper limit for events, the 5'0 is the geometric acceptance of the BESS detector and does not depend on the sign of particle, 1 -~(1 -7) is the probability to lose He helium at the top of the atmosphere (TOA) and the denominator is the number of helium at the TOA.
The Sfl, V(V) and csngl (Zs,gl) terms were evaluated by using the Monte Carlo simulation which was improved to incorporate the detailed descriptions of various interactions of helium nuclei and antihelium nuclei in the GEANT/GHEISHA code [14, 15] . The cross sections for nuclear interactions of helium nuclei were determined by fitting the accelerator data, especially the cross sections for inelastic interactions in which 4He goes to 3He, 3H, 2H and H. The kinematics of the outgoing particle (3He, 3H, 2H and H) were assumed to nearly equal the kinetic energy per nucleon and direction of the incoming 4He. We have not distinguished 4He or 3He in this analysis, so the in- teraction (4He goes to 3He) was not considered as a loss of particles and did not affect the resultant efficiencies.
There was no experimental data for nuclear interactions of antihelium nuclei, so we have mine . assumed the following conditions to detercross sections for the antihelium nuclei:
The inelastic cross sections of antihelium obey the empirical model of hard spheres with overlaps [16], as described as follows, o(Ai, At) cc (A;'3 + A;'3 -0.71 x (A;1'3 + A;"3))2, where cr(Ai, At) is the cross section of an incident particle with atomic weight Ai to a target with atomic weight At.
Antihelium
is always fragmented when an inelastic interaction occurs.
The elastic cross sections of antihelium are the same as those of helium.
While the geometric acceptance of the BESS detector (92) depended slightly on the energy, it turned out to be almost constant in the relevant energy region. The r](q) were over 0.8 and
